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1 Mathematical model

The electrical potential equation models the electric field distribution in the entire torso geometry, given by
—V.-oVd =0,

where @ is the electrical potential and o is the electrical conductivity of the different subdomains in our geometry.

The RF current is generated by the applied voltage V; at the upper boundary of the electrode, similar to'. To complete the
electric circuit, zero voltage is applied at the dispersive patch (® = 0). For the remaining torso boundary and the catheter body,
insulation boundary condition (d®/dn = 0) is applied.

To enforce a constant power dissipated within the geometry, the potential equation is augmented with a power constraint,

/ GVD-Vddx =P,
Q

where P is the power dissipated in the system. The applied voltage Vj is tuned to match the dissipated power in the system, as
detailed in'.
The power dissipated in a certain area of interest Qx is

PX:/ oVP -Vdbdx.
Qx

In particular, Table 1 shows the different volumes and the corresponding computed power, as referred to in the main manuscript.
For the power calculation within radius, the center of the ball is considered as the center of the spherical tip electrode. For
tissue power in the neighborhood of the electrode, the radii considered are 2, 3 and 4 times the radius of the electrode
(Rejec =1.165 mm). On the other hand, for the total power distribution, the radii are chosen as 12.5 mm, 25 mm, 50 mm and
100 mm. The power dissipation observed is confined to the patch’s immediate neighborhood, extending up to a radius of 5 mm
from its boundary.

Name in manuscript | Tissue power | Tissue power within radius | Total power within radius | Esophageal power | Power around DP
Area of interest Qy Qra QraN B(C7 F) QN B(C r) Qeso QaroundDp
DiSSipated power Px PBissue t};ssue P’ Peso PamudDP

Table 1. The power dissipation corresponding to different areas of interest, which include within the left atrial (LA) tissue, the
tissue power calculation within a radius, the total power within a radius and the esophageal (eso) power within its wall. The ball
B(C,r) is centered at the center of the electrode C with a given radius r.



2 Model parameters

The model parameters for the different simulated human tissues were obtained from ITIS database?, the most comprehensive
database for human tissue biophysical parameters, at a frequency of 500 kHz. The electrical conductivity of the lungs was
considered to be the average value from inflated and deflated states. The pericardium typically consists of fibrous and serous
pericardium, and fat can also infiltrate it. Since no values were found in the literature for its electrical conductivity, we consider
the value of fat to be representative of its insulating role.

A composition of 30 % fat tissue and 70 % muscle in the torso is considered, following average values for 60 year old
males®. This value is applied on the remaining volume after excluding all 34 segmented tissues and organs within the torso.

The electrode electrical conductivity is chosen as in'. All model parameters are summarized in Table 2.

Parameters Conductivity (S/m)
Bone 0.02

Lungs 0.12

Liver 0.14
Stomach 0.55
Esophageal lumen 1073
Esophageal wall 0.55

Spleen 0.14
Electrode 4.6 x 10°
Blood (aorta, pulmonary artery, superior vena cava, in- 0.74

ferior vena cava, left atrium, right atrium, left ventricle,

right ventricle, coronary sinus)

Cardiac tissue (left atrium, right atrium, left ventricle, 0.28
right ventricle, left ventricle trabeculae, right ventricle

trabeculae, atrial pectinate muscles)

Pericardium 0.04
Vessel wall (superior vena cava, inferior vena cava, pul- 0.32
monary veins, pulmonary artery, aorta, coronary sinus)

Kidney (left, right) 0.22
Pancreas 0.56
Remaining torso 0.24

Table 2. The summary of all electrical conductivities (S/m) incorporated into our torso model.

3 Supplementary results

3.1 Impact of patch location on the power distribution

Figure 1 shows the tissue power dissipated within different radial distances from the electrode for different dispersive patch
locations. The patch location appears to have a minimal effect on the power distribution within the cardiac tissue, with variations
less than 0.1 %. On the other hand, the power distribution within the tissue has some small variations for all the different
electrode locations considered with relative variations from the median value up to 7.5 % for 2R,;,., and 4.5 % for 3R, and
4R, per electrode position. The median, first and third quartiles (Q1 and Q3 respectively), and minimum and maximum
values for the relative dissipation (%) of the total power for all radial distances considered are shown in Table 3.

3.2 Tissue power and impedance for high power short duration protocols

Figure 2 shows the tissue power and the baseline impedance for all the different dispersive patch locations and electrode
positions considered in the high power ablation protocol. Similar to the standard protocol, no clear correlation is shown between
the tissue power and the impedance for a fixed patch location across the different ablation sites. The baseline impedance
remains the lowest for hPC patch placement, consistently with the standard ablation case. For a fixed electrode position, an
inverse correlation of baseline impedance and tissue power dissipation is observed in both standard and high power protocols,
by varying the electrode patch placement.
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Figure 1. Median tissue power distribution within different radial distances from the electrode across all different considered
electrode locations, for different dispersive patch placements. The black lines on the bars denote the corresponding range for
the different electrode positions.
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Figure 2. Tissue power and baseline impedance across different electrode positions and patch locations, for the high power
ablation protocol. On the left y-axis in red color is tissue power, while on the right y-axis in yellow color is baseline impedance.
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